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CHARGE DISTRIBUTION OF HEAVY NUCLEI OF C O . M I C  
RAYS I N  THE REGION Z 2 26 

N. S. Ivanova, V. N. Kulikov and Yu. F. Gagarin 

ABSTRACT. The photoemulsion method is  used t o  study 
t h e  charge composition of heavy primary nuc le i .  
Exposure w a s  performed a t  300 km ou t s ide  of t h e  magnetic 
f i e l d  of t h e  Earth. Study of t h e  exposed emulsions 
i s  b eing continued . 

Inves t iga t ions  of t h e  charge spectrum of primary cosmic r ays  may pro- 

v i d e  s u b s t a n t i a l  d a t a  on t h e  processes of cosmic r a y  generation i n  sources 

and on t h e  conditions of t h e i r  propagation i n  space. Of s p e c i a l  i n t e r e s t  i n  
r ecen t  years  is  t h e  study of the  charge d i s t r i b u t i o n  i n  t h e  reg ion  of l a r g e  

charges Z >> 26. 

/2255* 

Available da t a  [l - 41 on t h e  relative content ( for  t h e  Fe group) of 

heavy nuc le i  wi th  Z > 26 have been s tudied  l i t t l e  and agree  poorly with one 

another. Thus, f o r  example, t h e  relative contents  of n u c l e i  wi th  Z 48 

according t o  t h e  d a t a  i n  [2, 41 d i f f e r  by two o rde r s  of magnitude. 

Quite i n t e r e s t i n g  and worthy of d iscuss ion  are t h e  r e s u l t s  o b t a i n e d ' i n  

t h e  work of Fowler e t  al. [4] i n  which it was  shown t h a t  i n  primary cosmic 

r a y s  n u c l e i  are encountered wi th  Z - 90, and according t o  later investiga- 

t i o n s  by these  au thors  151 even n u c l e i  w i th  Z N 1 l O D  

i 

W e  se t  up experiments f o r  studying t h e  charge composition of heavy 

primary n u c l e i  wi th  Z > 26 using a photoemulsion method. 

emulsion s t acks  w a s  c a r r i e d  o u t  a t  an  a l t i t u d e  of 300 km ( the  satel l i te  

"Kosmos-213" and t h e  space sh ip  "Soyuz-5") and o u t s i d e  t h e  magnetic f i e l d  

Exposure of t h e  

~ ~~ ~~~ * 
Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  text. 
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of t h e  Earth (automatic in te rp lane tary  [AIS] "Zond-5"). 

i s  necessary to  set up an experiment f o r  which we  could inves t iga t e  each 

par t ic le  of i n t e r e s t  t o  us i n  a s i g n i f i c a n t  segment of t he  range i n  t h e  

emulsion ( 'Y 10 cm and higher).  

t i o n  on the  e n t i r e  segment of t he  range permits us  t o  separa te  t h e  p a r t i c l e s ,  

which are s t rongly  ionized due t o  the  low ve loc i ty ,  from t h e  p a r t i c l e s  whose 

ion iza t ion  i s  caused by t h e  l a r g e  charge. 

on the  satell i tes the re  i s  no sharp l imi t a ion  i n  hardness of the  primary 

cosmic p a r t i c l e s  pene t ra t ing  i n t o  the  emulsion. 

We assumed t h a t  i t  

Then t h e  inves t iga t ion  of p a r t i c l e  ioniza- 

L e t  u s  no te  t h a t  during exposure 

Furthermore, with pene t ra t ion  i n t o  the  emulsion of very heavy nuc le i  

(Z > 90) w e  must have cases  recorded of f i s s i o n  accompanying the  nuclear  

i n t e rac t ions .  

nuclei .  Thus, t he  p o s s i b i l i t y  of inves t iga t ing  t h e  proper t ies  of p a r t i c l e s  

on a l a r g e  segment of t h e  range i n  t h e  emulsion (- 40 g ' ~ r u - ~ )  s t rongly  in- 

creases the  r e l i a b i l i t y  of t h e i r  i den t i f i ca t ion .  

This would be convincing proof o f  t h e  exis tence of heavy 

A t  an  a l t i t u d e  of 300 km, two, emulsion s tacks  were exposed and one 

emulsion s t ack  w a s  exposed outs ide  the  magnetic f i e l d  of t h e  Earth. 

On the  satel l i te  '1Kosmos-213", a 2 - l i t e r  s t ack  w a s  exposed, made of 

l a y e r s  of t he  r e l a t i v i s t i c  emulsion BR-2. 

400 um. The dura t ion  of t he  exposure w a s  120 hours. On t h e  spacecraf t  

t'Soyuz-51' a l- l i ter  s t ack  was  exposed. 

and A-2 ( s e n s i t i v i t y  of 70 MeV per  proton).  

400 pm. 

The thickness  of each l aye r  w a s  

The emulsion was  BR-2 ( r e l a t i v i s t i c )  

The thickness  of t h e  l a y e r s  w a s  

The dura t ion  of exposure was 72 hours. 

1 Outside the  Ear th ' s  magnetic f i e l d  a 3-liter .stack.was exposed. The 

emulsions were A-2 and Ya-2. 

dura t ion  of exposure was  162 hours. 

The thickness  of the  l a y e r s  was  400 pm. The 
1 . L <  

ness  

2 

The absorbing l a y e r s  over t h e  emulsion s t acks  w e r e  of d i f f e r e n t  thick- 

i n  t h e  var ious  experiments - from 0.6 t o  3 gecm -2 
a 



The s t ack  during each exposure w a s  arranged i n  such a way t h a t  t h e  pr i -  

mary cosmic p a r t i c l e s ,  perpendicularly in t e r sec t ing  t h e  minimal absorpt ion 

l aye r  over t h e  s tack,  had a small angle  of t r ack  i n c l i n a t i o n  i n  t h e  emulsion 

l a y e r s  and t h e i r  range i n  the  chamber was -10 cm. 

To determine the  s i z e  of t he  p a r t i c l e  charges, we designed a semi-auto- 

matic photometer [6], which permits inves t iga t ing  t h e  dens i ty  of t h e  t r a c k  

blackening. 

To ob ta in  a p r o f i l e  of t he  t r ack  blackening we used a system with an 

ana lys i s  s l i t  and a plane-paral le l  r o t a t i n g  prism. 

t e r i z i n g  the  charge, w e  se lec ted  t h e  blackening p r o f i l e .  

a l s o  permits measuring the  p a r t  of t he  p r o f i l e  caused only by t h e  &elec t rons  

which gives  another independent means of determining t h e  charge. The measure- 

ment accuracy of t h e  a rea  w a s  1%. 

As the  parameter charac- 

The instrument 

The charge graduation of t h e  instrument showed t h a t  i n  t h e  charge in t e r -  

val of Z = 1 2  - 40,  t h e  t o t a l  p r o f i l e  areas of t h e  o p t i c a l  darkening of t h e  

t racks  of p a r t i c l e s  with d i f f e r e n t  charges with an accuracy of 2% are d i r e c t l y  

proport ional  t o  the  s i z e  of t h e  charge. On t h e  o ther  hand, t h e  areas of 

blackening caused only by t h e  &-electrons of a given energy range, are propor- 

t i o n a l  t o  t h e  square of t he  charge. 

Thus, t he  charge of an unknown heavy p a r t i c l e  w a s  determined by two 

independent methods from relative measurements of o p t i c a l  blackenings , caused 

by t h i s  p a r t i c l e  and nucleus of a known charge (Z = 26), a t  i d e n t i c a l  p a r t i c l e  

v e l o c i t i e s  (I 

4 

The exposed emulsions are being invest igated.  L e t  u s  g ive  certain pre- 

l iminary da ta .  
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Evaluation of t h e  Flux of Nuclei of t he  

Fe Group a t  an Al t i t ude  of 300 k m  and Outside 

the  Ear th ' s  Mapnetic F ie ld  

To determine t h e  composition of t h e  p a r t i c l e  f l u x  inc iden t  on a c e r t a i n  

area S, fac ing  t h e  sur face  wi th  t h e  absorp t ion  l a y e r  of minimal thickness,  

a l l  t h e  primary particles included i n  a given i n t e r v a l  of s o l i d  angles  having 

an  ion iza t ion  corresponding t o  t h e  ion iza t ion  of t h e  re la t iv i s t ic  n u c l e i  of 

Fe and g r e a t e r  w e r e  r eg i s t e red .  

For a c e r t a i n  p a r t  of t h e  emulsion s t ack  i n  each emulsion l a y e r  we c a r e f u l l y  

examined i n  a microscope having a l a r g e  magnification (900 x) t h e  narrow band 

(5.5 mm i n  width) a t  t h e  input  of t h e  primary cosmic r a y s  i n t o  t h e  s tack ,  

and r e g i s t e r e d  a l l  p a r t i c l e s  w i th  t h e  corresponding ion iza t ions  having a 

t r a c k  i n c l i n a t i o n  i n  the  emulsion of 5 22'. 
f u r t h e r  i n  t h e  emulsion and analyzed. 

evaluated t h e  number of n u c l e i  i n  t h e  Fe group, i nc iden t  on the area S a t  a 
s o l i d  angle  52 f o r  a t i m e  T. 

This w a s  accomplished i n  t h e  following manner. 

Each such p a r t i c l e  w a s  t raced  

A s  a r e s u l t  f o r  each,experiment w e  

W e  obtained t h e  following va lues  of t h e  f luxes .  

(1) A t  a n  a l t i t u d e  of 300 h: F = 0.23 2 0.04 par t i c l e s -m 'ster esec -2 -1 -1 

fgr t h e  Fe n u c l e i  w i th  E 180 MeVmucleon-l; 

-2 (2) Outside t h e  Ear th ' s  magnetic f i e l d :  F = 0.33 0.05 par t ic les 'm e 

-1 -1 ster *sec f o r  t h e  Fe n u c l e i  wi th  E 150 MeVenucleon-l. 

Evaluation of t h e  Re la t ive  Content ( fo r  t h e  Fe Group) 

of Heavy Primary Nuclei wi th  Z 2 30, Z 2 - 4 0 ,  etc. 

Depending on t h e  s i z e  of t h e  charge from which we wish t o  begin r e g i s t e r -  

i ng  t h e  p a r t i c l e s ,  i n  analyzing t h e  emulsion we used va r ious  methods. 

(a) 
same method as t h a t  used i n  determining t h e  composition of t h e  flux ---with 

To expose n u c l e i  w i th  Z 1 . 3 0 ,  t h e  emulsions were analyzed by t h e  
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t h e  a i d  of a microscope having a l a r g e  magnification. 

l a y e r  w e  analyzed t h e  narrow band (0.5 mm wide) a t  t he  input  of t h e  primary 

cosmic p a r t i c l e s  i n t o  t h e  stack. We r e g i s t e r e d  t h e  p a r t i c l e s  with i o n i z a t i o n  

corresponding t o  t h e  ion iza t ion  of t he  r e l a t i v i s t i c  Fe and h igher ,  with t r a c k  

angles of i n c l i n a t i o n  i n  t h e  emulsion - < 22' .  

f u r t h e r  and analyzed. 

exposed at an a l t i t u d e  of 300 km. 

The charges were determined with t h e  a i d  of a semiautomatic photometer. 

evaluated the  number of nuc le i  wi th  Z 2 2 6 ,  i nc iden t  on one and t h e  same area 

i n  one and t h e  same i n t e r v a l  of angles,  NZ 2 2 6  = 1395. 

I n  each emulsion 

Each p a r t i c l e  w a s  t raced  

Using t h i s  method w e  analyzed t h e  p a r t  of t h e  s t a c k  

We detec ted  e i g h t  p a r t i c l e s  with Z 2  30. 
W e  

(b) To expose n u c l e i  with l a r g e  charges (Z I_ > 26)  w e  used another method 

of ana lys i s .  Each emulsion l a y e r  w a s  analyzed a t  t h e  en t ry  poin t  of t h e  

cosmic p a r t i c l e s  wi th  t h e  a i d  of a microscope with s m a l l  magnification (25 X). 

We r e g i s t e r e d  the  p a r t i c l e s  of i n t e r e s t  t o  us i n  t h e  i n t e r v a l  of angles 2 n; 

t hese  p a r t i c l e s  were f u r t h e r  t raced  i n  t h e  emulsion and inves t iga ted .  Thus, 

i n  analyzing t h e  s t a c k  exposed on t h e  sa te l l i t e  ~"Kosmos-213", w e  r e g i s t e r e d  

and analyzed p a r t i c l e s  with i o n i z a t i o n  corresponding t o  t h e  ion iza t ion  of 

re la t ivis t ic  n u c l e i  wi th  Z 2 40. 

and Z = 42 5 1. 

area i n  t h e  same i n t e r v a l  of angles,  according t o  ou r  eva lua t ions ,  equals 

-1 x 1 0 .  

We de tec ted  two p a r t i c l e s  with Z = 40 2 1 

The number of n u c l e i  of t h e  Fe group inc iden t  on t h i s  same 

4 

The microphotographs ( see  i n s e t )  g ive  t h e  t r acks  of t h e  a r r e s t e d  p a r t i c l e s  

wi th  Z = 26 and Z = 4 2 ,  having i d e n t i c a l  t r a c k  angles of i n c l i n a t i o n  i n  t h e  

emu1 s ion  e 

The scack exposed on t h e  spacec ra f t  "Soyuz-5" and a s m a l l  p a r t  of t h e  

emulsion exposed on t h e  AIS "Zond-5" were analyzed f o r  the  purpose of deter-  

mining the  n u c l e i  w i th  Z - > 50. 

Analysis of t h e  s t a c k  exposed outs ide  t h e  Ear th ' s  magnetic f i e l d  is 

s t i l l  not f in i shed .  Approximately 60% of t h e  area of t h e  input  of t h e  cosmic 
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p a r t i c l e s  w a s  analyzed f o r  t he  purpose of de t ec t ing  very heavy n u c l e i  (Z  L 70). 

Not a s i n g l e  such nucleus w a s  detected.  

For each analyzed p a r t  of t h e  input  of t h e  cosmic p a r t i c l e s ,  w e  evaluated 

the  number of i nc iden t  n u c l e i  of t h e  Fe group i n  t h e  inves t iga t ed  i n t e r v a l  

of angles. 

On the  b a s i s  of t h e  a v a i l a b l e  da ta ,  w e  obtained t h e  relative content ( f o r  

t he  Fe group) of n u c l e i  wi th  Z - > 30,  - > 40 ,  etc, which are shown i n  the  las t  

graph of t h e  t ab le .  

l i m i t s  of t h e  values. The f i r s t  columns g ive  t h e  d a t a  of o t h e r  authors [I, 2, 

41. L e t  us mention t h a t  re ference  [l] gives t h e  relative content of t h e  heavy 

n u c l e i  i n  t h e  group with Z 

For n u c l e i  wi th  Z - > 48 and Z - > 70, w e  g ive  t h e  upper 

15. 

From the  t a b l e  i t  follows t h a t  t h e  d a t a  obtained i n  t h e  present  paper 

do not  agree with t h e  r e s u l t s  of Bolodichev et  a l e  121. The relative amount 

( i n  t h e  Fe group) of n u c l e i  Z - > 40 and Z - > 48 ,  given i n  reference- [ 2 ] ,  are two /2258 

orde r s  of magnitude g r e a t e r  than t h e  values obtained i n  t h e  present  work. 

Along wi th  t h i s ,  our d a t a  do not con t r ad ic t  t h e  r e s u l t s  from t h e  work 

of Fowler e t  a l e  [ 4 3 .  

amount of n u c l e i  w i th  Z - > 40.  

L e t  us mention only a s l i g h t  d i f f e rence  i n  t h e  relative 

RELATIVE CONTENTS OF NUCLEI 

Study of t he  exposed emulsions i s  being continued i n  t h e  following 

d i r ec t ions :  (a) f u r t h e r  ana lys i s  and searching  f o r  heavy nuc le i ;  (b) a 
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d e t a i l e d  i n v e s t i g a t i o n  of t h e  charge d i s t r i b u t i o n  i n  t h e  region Z 26 and; 

(c) study of t h e  energy s p e c t r a  i n  t h e  low energy region f o r  p a r t i c l e s  with 

charges of d i f f e r e n t  s i z e  a t  an a l t i t u d e  of 300 km and ou t s ide  t h e  Ea r th ' s  

magnetic f i e l d .  

The authors are g r a t e f u l  t o  B. P. Konstantinov who cooperated i n  s e t t i n g  

up t h e  experiment and exhib i ted  constant i n t e r e s t  i n  t h e  research. They a l s o  

wish t o  express zpprec ia t ion  t o  N. N. Kotlova, N. G. Khilyuto, I. A. Garmanova 

and A. M. Sayapina f o r  t h e i r  considerable and time-consuming work i n  analyzing 

t h e  exposed emulsions e 

Physico-Technical I n s t i t u t e  imeni A. F. Ioffe  

Academy of Sciences USSR 
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